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Abstract 
Since there are phenomena that are too perplex to be observed through using traditional techniques of scientific 
investigation, there are tools allowing reconstructing them in a simplified form. Agent-Based modeling has established 
itself as one of these tools. Though the major analytical principle remains the same – decomposition of the complex object 
into primitive particles, models themselves are fluctuating from the simple ones (e.g. spatial segregation models) to those 
able to propose reproduction of crowds, transport/pedestrian flows and other interactions by implementing sophisticated 
intelligent agent architectures. However, the utilization of agent-based modeling is not limited to satisfying sole scientific 
interest, but may be used for the resolution of applied issues as well. A polygon focused on performing both investigative 
and practical tasks has been introduced to simulate collective response to the changing environmental conditions (e.g. in 
the course of the natural disaster). The model originally designed to be incorporated into the mobile service computational 
infrastructure to constitute a massive mobile service for decision-making support is described throughout the paper. The 
potential use of the obtained simulation results in the analysis of emerging issues under conditions of social and 
infrastructural disorder is discussed with special reference to natural disasters. Further perspectives of implementation of 
present model in decision-making assistance are outlined as well. 
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1. Introduction 
Agent-based modeling (ABM) allows researcher to have a view at the phenomena (or its’ specific state or 
element) that is otherwise difficult or at times impossible to observe. Moreover, when applied to social 
sciences, it helps one liberate himself from possible (ethic, technical etc.) constrains set upon the use of 
experimental methods when studying collective behavior and minimize the cost of aggregating information 
prior to decision-making in the spheres that relate to it – for instance, spatial design, urban development, 
interactive systems planning. Though ABM has proved its’ effectiveness in answering “what if” questions, 
little effort has been made in recognizing how ABM could lend itself to finding a better answer to “what now” 
issues that occasionally emerge and demand for immediate supply of relevant and trustworthy information to 
assist decision-making. Both of the presented problems are to be reflected upon in this paper in light of the 
creation of the virtual social polygon intended to resolve them. Originally designed as a component for the 
massive mobile service (MMS), it is capable of performing multiple tasks, such as real-time aggregating and 
processing population dynamics data, assessing the effects that external factors have upon the community of 
city residents and evaluating the effectiveness of the possible implementation of decision-making support 
services. 
2. Related Works 
Agent-based modeling as a tool is constantly becoming more complex and, despite of being a relatively 
novel research method, it has already made its’ way from introducing simplified spatial segregation models 
[1][2][3] in various modifications [4][5] to proposing sophisticated reproduction of pedestrian flows, crowds 
or even complete sets of interdependent interactions within urban systems by using intelligent agent 
architectures [6][7][8]. As a result of the models’ increasing complexity, the scope of their application started 
to exceed the boundaries of computational science, going beyond the purely scientific interest, in order to 
resolve more actual problems. One of the most extensive trends in ABM implementation is 
modeling/reproducing human behavior in different situations and under certain conditions. This is reflected in 
such domains as Crowd dynamics [9][10], Traffic dynamics [11], Urban and Regional Planning [12][13], 
Collective intelligence [14], Social networks [15][16] etc. In specific cases models representing the behavior 
of groups of individuals are run along with dynamic physical models of environment or crisis events (e.g. 
natural disasters) that potentially alter the state of the society and stable functioning of distinct urban 
subsystems, thus introducing greater amount of uncertainty to the simulation. For instance, Chen et al (2008) 
[17] propose launching both types of models synchronously in order to test two different evacuation strategies 
against the virtual flood. Another attempt to produce a realistic model of crisis response was made by Epstein, 
Pankajaksahn and Hammond, 2011 [18] as they supplemented Agent-Based Modeling with Computational 
Fluid Dynamics in order to introduce a technique for evacuation planning in urban areas, aimed at mitigating 
accidents that involve massive emission of airborne particles. 
Despite being well-suited for narrow tasks, all of the above-listed models (even those designed to simulate 
the flow of the disaster and collective response) lack features that are crucial for meeting the demands of the 
project in-question. First of all, since social polygon is considered a functional subsystem, it is expected to be 
customized in a way to be easily integrated into the mobile service computational infrastructure. Secondly, it 
shall be tailored to real-time processing of incoming data on population density and distribution. The final 
concern is the flexibility of the model – it is required to adequately reflect different modes of the system – the 
Emergency and the Routine one. Considering the specifications and restrictions given, a decision was made to 
build an agent-based model “from scratch” that would encompass all three characteristics. 
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3. General description of the polygon 
3.1 Agent-based model classes 
In the described project, the model of virtual society was introduced. Society is inhabited by the agents 
endowed with the characteristics replicating (in a simplified form) the features of real people. Agents are 
proportionally attributed to particular socio-economic classes. In this way, to simulate daily activity of the 
MMS end-user it is necessary to identify him or her as a representative of one of 10 socio-economic classes 
and 8 physical ability classes. For this purpose, the set of input data is required, including following variables: 
age, gender, place of residence, interests, level of education etc. This information is expected to be provided 
by the user (through submitting it to the mobile device at the first run of the mobile application). 
Social-economic classes were elaborated given the basic criterion – the level of income. For a more 
detailed understanding of the agents’ daily travel pattern a set of additional criteria was developed, which 
include: area of residence, the form of employment (including a number of occupations), position, highest 
level of education obtained, real estate ownership, possession of personal vehicle, main interests, structure of 
spending. The resulting typology consists of ten socio-economic classes, namely: students, top class, 
economic majority, wealthy city dwellers, highly-skilled specialists, middle class, burdened singles, 
struggling families, pensioners, immigrants, schoolchildren, preschool children. 
All of the listed criteria serve to attach an agent to the set of routes and scenarios. The latter are performed 
through establishing the points which, in turn, constitute daily itinerary of the agent. Moreover, criteria 
proposed allow one to estimate the expected duration (and the length) of trips to be made. These daily travel 
simulations represent the macro level of the polygon. 
Apart from socio-economic characteristics, agents are endowed with physical abilities. The age of the 
agent served as a basic criterion for allocation of physical ability classes since it determines agents’ mobility – 
ability to move, movement speed, capacity to overcome obstacles. Altogether, eight classes were introduced, 
with seven classes representing groups of agents divided in accordance with age [19][20] intervals (under 5; 
6-16; 17-29; 30-44; 45-55; 56-66; over 67) and one class outlined on the basis of physical ability of the agent 
to move autonomously (without the assistance from supporting agents). Representatives of each physical 
abilities class obtain a set of behavioral characteristics that vary and allow one to evaluate the ability of an 
agent to move according to his/her agility, stamina, power and passability properties. Straight physical 
mobility characteristics were supplemented with factors determining agents’ decision making independence 
and preferences, such as control, information, role, transport and marital status. Thus, agent modeling based 
on physical ability features is performed on the micro level of the model in question. 
3.2 Agents’ behavioral rules 
To provide higher degree of formalization when simulating agents’ movements during the day, a set of 
rules was introduced. The qualitative and quantitative outsourcing research data served as input information 
for the development of these rules. Roughly speaking, two categories of rules can be pointed out: (1) general 
rules that substantially formalize relocations in accordance with agents’ affiliation with certain socio-
economic classes and (2) so called “if-then” rules used to receive an insight on the character of agents’ 
movement on the grounds of his/her physical abilities. 
The first group of rules allow the compilation of a daily trip for the independent agent. The initial core 
questions that serve as starting points (triggers) for rules design were: who (Quantitative), when (Temporal), 
where (Spatial), what for (Purposive). Thus, they constitute reference points for the mobility simulation of the 
agent. These rules are as follows: (1) everyday heuristic of those agents who leave their place of residence to 
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start a “trip” and those who, due to the abstract reasons, had to stay immobile. The heuristic depends on the 
form of employment of the agent, namely: full-time, part-time, unemployed, morning/evening working shifts. 
(2) Timing: introduction of approximate time of the beginning and the end of trip (considering the possibility 
to be late). The departure and arrival time varies from one class to another and depends on the form of 
employment, respectively; an average duration of a single trip (from point A to point B), that is subtracted on 
the basis of possible place of residence and the level of income (since it determines choice of transport it 
designates velocity and time spent on a trip as well); approximate time to be spend in “peaks” of the route. (3) 
Introduction of the main points that constitute “peaks” of agents’ everyday route. These points are: the place 
of residence, working/studying place, leisure and shopping destination sites [21]. (4) Rules representing the 
purpose of the trip introduce such restrictions as an ultimate number of trip during the day (in present case the 
maximum number of possible trips is 3) and the hierarchy of activities (e.g. commuting or trip to the place of 
studying is endowed with higher priority than a trip to the leisure destination site). These rules, based on the 
real data, allow one to introduce so-called daily scenarios, which are the abstract sequences of agents’ 
movements embodied in the timetable, elaborated for each particular socio-economic class, implemented to 
make the model far more realistic.  
The second group of rules enables to simulate the way agent is moving. For this purpose the group of rules 
in question was divided into 4 subgroups. These four divisions are as follows: 
1. Direction of movement rules establish the hierarchy of preferences. A broad term choice is used to 
show that these regulations are involved in reproducing the agents’ decision-making process. This can be 
illustrated by the following example: “If there is a gathering place within walking distance (e.g. market place, 
transport station, church etc.), in case the disaster strikes, people tend to attend it”. 
2. Transportation velocity rules are concentrated on the estimation of the speed of agents’ movement, in 
correlation with the age [22], landscape characteristics including environmental, elevation or man-made 
obstacles and with the weight of the load agent is carrying. The following example can be given: “If one goes 
downwards, his/her average speed increases by 0.5 km/h compared to his normal speed”. 
3. Rules dealing with the mobility of disabled people (2nd disability category) and preschool children. 
These rules establish the way groups of people in question are moving within the modeled terrain. For 
instance “Disabled people who are adjusted to the 2nd disability category and children under 5 are able to pass 
short distances without any obstacles at their own pace”.  
4. The fourth group of rules exceeds the boundaries of the general logic, since its main aim is to 
provide a correlation between socio-economic and physiological classes. 
4. Application 
Initially, the virtual society model was aimed at assisting better understanding what collective effects 
(specifically, those that are caused by the use of the evacuation service) does the individual behavior of people 
in extreme conditions (e.g. in the course of natural disaster) have and whether there are ways to mediate them 
effectively. Designed to be compatible with the existing physical models of flood distribution over the virtual 
landscape (which, correspondingly, is described by the infrastructure and the land use data), virtual society 
was later adjusted to return the dynamics of the approximated population density in the given area at a given 
time (week-day and week-end schedules are differentiated). These figures not only serve to deliver the 
overview of the amount and proportions of people located within the studied area, but also provide essential 
insight on how crowded adjacent transport arterial could be and how they are likely to perform in specific 
circumstances. 
Another application field, derived from the previous one, may be found within the sphere of evaluation – 
virtual society can be used as one of the effectiveness indicators of the existing and successive evacuation 
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strategies, services and even state policies. The initial procedure of evaluation is rather simplified and is 
described further in this paper. It has a potential to be expanded with a set of techniques that would facilitate 
the detection and location of particular weak points and proper examination of the strengths that the system 
under test has. 
Moreover, the social polygon has been previously integrated with the transportation model. Both models 
being combined make simulations more sensible – agents are becoming more complicated in their traveling 
compared with abstract particles that drift through the space at a pre-set speed, disregarding any obstacles on 
their route from point A to destination B. The original outcome of such a symbioses was formulated as a 
creation of the system that would mediate the evacuation and emergent decision-making of drivers. This 
integration of models might be as well regarded as a step towards simulating complex urban ecosystems, 
where spatial dynamics are the derivatives from the collective behavior of two types of actors – the ones that 
are bound with strict rules of transportation (transport model) and formalized passages (e.g. roads) and those 
who perform sets of short-distance relocations and are hence more flexible in traveling. 
The application of the described social polygon is by no means limited to performing the tasks listed, but 
lends itself to a large variety of interpretations. Though the model per se is rather versatile, its’ functions can 
be possibly applied to achieving narrow professional goals, such as urban planning – since generating flows 
of actors – both pedestrians and drivers – can be useful in determining the effects that various socio-economic 
groups have over the space they inhabit. Furthermore, the analysis of the observed effects is expected to be 
used for improving the models’ ability to simulate the behavior of people in situations of risk 
5. Experiment  
To prove the practical effectiveness of the model as polygon, a series of experiments were carried out. All 
of them encompassed the simulation of the travel and evacuation behavior of 57 000 agents. We have 
modeled a flood similar to the one that took place in Krymsk (Krasnodar Region, Russia). However, it was by 
no means an attempt to replicate the exact properties of the particular event. The setting that was used 
consisted of the cities’ total area - approximately 45 square kilometers and its’ population that is about 57 
thousands of people. Evaluation metrics for the personal decision support service for emergency evacuation 
are closely related to the overall evacuation efficiency. The evacuation from the potentially dangerous areas 
was considered complete when the agents reached one of the selected safe zones (namely, mobile rescue 
services centers). Along with the control sample agents (representing city residents that do not have an access 
to the service), personal decision support MMS-users from 10% to 40% of the total population were generated. 
Test group agents (group of users) were then divided on the basis of compliance with the decision support 
instructions (safer routes, nearest rescue points), suggested by the service. The number of distrustful users 
ranged from 0% to 60% of the total population of agents generated. 
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Fig 1. Influence of the MMS and agents ignoring warning notification on evacuation time. 
The figure 1 depicts the results of the test simulation that reveal certain relations. The mean evacuation 
time depends on (a) the percentage of service users within the population of agents and (b) the number of 
virtual users who ignored the warning message. The outlined mechanism is the following: an increase in the 
number of obedient (responding the evacuation notification) users leads to the better evacuation performance 
(assessed through the evacuation time estimated in minutes). At the same time, the effect of the presence of 
relatively high percentage of service users is leveled by the low response rate (higher percentage of users that 
neglect the warning). Hence the conclusion that has been made is the following: though an increase in the 
number of users depends to a larger extent on the effectiveness of service application distribution (and could 
be only indirectly affected by the researcher), there is a need for a conceptual solution of the response 
problem. Considering the data from sociological disaster research [23] and the results of the simulation, the 
service was extended with a non-emergency mode to help users get familiar with an application and increase 
trust towards its’ notifications. 
 6. Discussion and conclusion 
The polygon in-question has proven to be not only suitable for formulating predictions and/or testing 
hypothesis about the collective behavior within the research setting, but outlined its’ potential of being applied 
to resolution of emergent issues, such as local crises, disasters etc. Through the integration of both micro and 
macro level simulations, the construction proposed overcomes the major drawbacks of single-level models. 
Given the initially narrow specification of the model introduced (researching the behavior of people in 
potentially dangerous situations) the polygon in general and its cornerstone agent-based model could be used 
in the domain of the disaster research studies. At the same time, on the present stage of development, the 
model, as a basis of the polygon, depends strongly on the results of the investigations conducted in the field of 
sociological disaster research, thus fitting into the mainstream picture of the way social entities modify when 
facing crises. The results of the test simulations prove that on the current stage of development the polygon 
can be used as a tool for assisting the evaluation of the warning notification service effectiveness.  
Disregarding the minor imperfections concerning the detailization of the social model, there are still 
substantial constrains that the proposed social polygon is affected by. First group of limitations is 
concentrated on the side of the agents that constitute the social model. Simulated actors are still unaware of 
the presence of other subjects and hence the decision-making procedures they follow are still primitive. The 
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second group of limitations is the one that result from the scarcity and controversy of the data regarding social 
differences in transportation and evacuation behavior of people. As a result, scenarios for the agents are rather 
mosaic – outcomes of the simulations may reveal fruitful insights, but the probabilistic measurements of the 
results are still problematic. 
Though the described social polygon operates in accordance with the tasks that were formulated at the 
beginning of its’ development, it should be considered a first step towards the greater goal of constructing a 
complex, precise tool for predicting and assisting the decision making under extreme conditions. Introduction 
of multiple disaster event models, complex social interactions and crowding behavior analysis could possibly 
boost the effectiveness of the model and help overcome the listed limitations. Yet one of the most prospective 
directions in developing social simulation in the field reviewed is introduction of the social networks data 
analysis that would play a role of the supplementary information source. Such an extension would open a new 
dimension of modeling collective behavior, where network activity serves both as an indicator of the latter 
and its’ medium. 
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